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1. Introduction 
Sulfenyl halides have been found to be highly 
specific reagents for modification of tryptophan and 
cysteine residues in proteins [ l-6] . The valuable 
feature of this technique lies in the possibility of a 
wide choice of reagents for protein modification 
studies. In this communication we report the modi- 
fication of hen egg-white lysozyme with 2-nitro-4- 
carboxyphenylsulfenyl chloride (NCPS-Cl) (see foot- 
note*). A single molecular specie of the modified 
lysozyme was isolated by ion exchange chromato- 
graphy and the modified tryptophan residue, 2-thio- 
(2-nitro+carboxyphenyl)-tryptophan, Trp(NCPS) 
(I), located in the polypeptide sequence by enzy- 
matic degradation. 
COOH 
* Abbreviations: NCPSCl, 2-nitro+carboxyphenylsulfenyl 
chloride; Trp(NCPS), 2-thio-(2-nitro+carboxyphenyl)- 
tryptophan; NCPS-lysozyme, lysozyme modified with 
NCPSCl at the tryptophan residue 108. 
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2. Materials and methods 
Hen egg-white lysozyme (Worthington, LYSF 8 
KA) was modified by dissolving the protein (30 mg/ 
ml) in 5% acetic acid and by adding under vigorous 
stirring the desired amount of NCPS-Cl dissolved in 
glacial acetic acid to give a final cont. of 25% acetic acid. 
After 5 min cold acetone was added to precipitate 
the modified protein and to separate the material 
from excess reagent and its decomposition products. 
The protein was separated by centrifugation and 
dried. A sample of lysozyme was run in the same 
conditions without the addition of the reagent. 
The extent of modification was determined by 
spectrophotometric reading at 354 nm, using an 
extinction coefficient for the Trp(NCPS) residue of 
4700 [4]. Protein concentrations were determined 
by amino acid analysis of an aliquot of the solution 
hydrolyzed in 6 N HCl at 110” for 24 hr in sealed 
tubes under vacuum. Amino acid analyses were per- 
formed with a Spinco Model 120B instrument. 
The activity of the modified lysozyme was de- 
termined by following spectrophotometrically the 
extent of lysis of a suspension of dead cells of 
Micrococcus lysodeikticus (Difco) [7] . 
The modified lysozyme was purified by column 
chromatography on a Bio-Rex 70, -400 mesh cation 
exchange resin (Bio-Rad), at 30” using 0.2 M sodium 
phosphate buffer (pH 7 .18) as eluent 
Trypsin treated with L-( 1 -tosilamido-:!-phenyl)- 
ethyl chloromethyl ketone and carboxypeptidase A 
and B were obtained from Worthington. 
NCPS-Cl was prepared according to [8] and recrys- 
tallized from anhydrous ethylene dichloride, mp 185”. 
277 
Volume 21, number 3 FEBS LETTERS April 1972 
3. Results 
The tryptophan residues of lysozyme were modi- 
fied by using increasing amounts of NCPS-Cl in 25% 
acetic acid. The extent of modification was deter- 
mined by spectrophotometric reading of the Trp 
(NCPS)-chromophore at 354 nm [4]. With about 
15 -20 equivalents of reagent all 6 tryptophan resi- 
dues were modified. Conversely, the lytic activity 
towards Micrococcus lysodeikticus of the enzyme 
decreased gradually upon modification, and was com- 
pletely abolished when about 3 -4 residues were 
modified (fig. 1). 
The sample of lysozyme modified with one equiv- 
alent of NCPS-Cl, which retained about 70% activity, 
was resolved on a column of carboxylic ion exchange 
resin into its components, as shown in fig. 2. Along 
with unmodified lysozyme (peak R), different peaks 
of modified protein were eluted from the column. 
The major component (peak P, in the chromato- 
gram of fig. 2) contained one tryptophan residue 
modified per mole of protein, and retained about 
10% of the lytic activity. The amino acid analysis of 
the modified protein showed no change in any other 
amino acid residue. 
In order to localize the modified residue, the sam- 
ple of the NCPS-lysozyme (3 /Imoles) was reduced 
with fl-mercaptoethanol in 6 M guanidinium hydro- 
chloride and carboxymethylated with iodoacetic 
acid [9] . After dialysis against 0.1 M ammonium 
bicarbonate, the sample was digested with trypsin. 
The tryptic hydrolyzate was separated on a Sephadex 
G-50 column (1.9 X 150 cm) with 30% acetic acid 
as eluent . The unique peak of yellow material (ab- 
sorption at 354 nm) eluted from the column was 
lyophilized and further purified by preparative paper 
electrophoresis (pH 1.9, 2500 V. 45 min). Only one 
yellow band was detected on the chromatogram. The 
Trp(NCPS)-containing peptide, eluted with 30% 
acetic acid, was judged to be pure by paper chromato- 
graphy and amino acid analysis and corresponded to 
the sequence 98 - 112 of lysozyme [ 101: Arg 1 .OO 
(1); Asp 3.02(3); Ser 1.05(l); Gly 2.20(2); Ala 1.80 
(2); Val 1.90(2); Met 0.85(l); Ile 0.95(l) (the values 
of Val and Ile obtained after 72 hr of hydrolysis). 
The yield of the peptide was 1.4 I.tmoles. 
Samples of the peptide were digested with carboxy- 
peptidase A plus B at different times at 40”. After 10 
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Fig. 1. Effect of progressive modification of tryptophan 
residues on lysozyme activity. The activity test was per- 
formed as described by Jolds [ 161. 
min digestion only arginine and traces of tryptophan 
were released, after 30 min also alanine was present, 
and after 4 hr the following analysis was obtained: 
Arg1.00:Trp0.9;Ala1.0;Val0.3.After6hrof 
hydrolysis the value of valine was slightly increased, 
but no Trp(NCPS) was released. This derivative is 
eluted before tryptophan from the basic column of 
the analyzer. 
The data are in agreement with the sequence of 
peptide T-19 of Canfield [lo] and consistent with 
the modification of tryptophan 108: -Trp(NCPS) 
-Val-Ala-Trp-Arg. The limited release of valine 
by carboxypeptidase may be related to the bulky 
moiety of the sulfenyl group attached to the indole 
ring of the preceding tryptophan. 
4. Discussion 
The use of the carboxy-substituted sulfenyl chlo- 
ride, NCPS-Cl, for tryptophan modification of hen 
egg-white lysozyme allowed isolation of a single 
molecular specie of the modified protein by ion 
exchange chromatography. The reagent is more 
suitable of the parent compound 2-nitrophenyl- 
sulfenyl chloride (NPS-Cl) (i.e. without the carboxyl 
group) [6] for protein modification studies. In fact, 
fractionation of the reaction product of lysozyme 
with one equivalent of NPS-Cl by ion exchange 
chromatography was not successful. In addition, the 
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Fig. 2. Elution pattern of lysozyme modified with one equivalent of NCPSCI. Chromatography was performed on a column 
(2 x 90 cm) of Bio-Rex 70, -400 mesh with 0.2 M sodium phosphate buffer, pH 7.18. Fractions of 3 ml were collected at a 
flow rate of 18 ml/hr. (--_): Absorbance at 280 nm; (- -. -): activity (arbitrary units). 
carboxyl group enhances solubility in aqueous solu- 
tions of the modified protein. 
The 108-NCPS-derivative of lysozyme, which 
retains about 10% activity, could be useful for a 
better understanding of the role of the tryptophan 
108 in the lytic activity of the enzyme. Recent X-ray 
studies demonstrated the importance of some of the 
tryptophan residues for the biological activity [I 1,121. 
The tryptophan 108 appears to be involved in inhi- 
bitor binding [ 131 and also to interact with glutamic 
acid 35, a group which has been suggested to play an 
intimate role in catalysis [ 14, 1.51. The results ob- 
tained so far by chemical modification are not con- 
clusive, since the 108-oxindole-lysozyme obtained 
by N-bromosuccinimide treatment [ 161 is inactive, 
whereas the 108-N’-formyl-kynurenine-lysozyme 
prepared by ozone oxidation is fully active [ 171 . 
This has prompted a crystallographic study of the 
108-oxindole lysozyme; any clear reason for the loss 
of catalytic activity could not be found [ 18, 191 
Studies are going on on the enzymological and 
conformational characteristics of the NCPS-lysozyme 
in order to differentiate between the effects of the 
modification on the catalysis, affinity or conforma- 
tion of the enzyme. 
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